Abstract Determination of the spatial and temporal trends in domestic water use is vital for making adequate and sustainable water management strategies, especially in arid regions. In this study, domestic water-use models considering socio-economic factors were developed to analyse spatial and temporal trends in domestic water use at a resolution of 4 km × 4 km in the arid region of northwestern China in the period 1985-2009. The results indicate that total annual domestic water use increased from 305.34 × 10 6 m 3 /year in 1985 to 1188.53 × 10 6 m 3 /year in 2009. Per capita domestic water use increased rapidly, especially in urban areas. A spatial disparity in per capita domestic water use and total annual domestic water use was apparent. The pressure of high domestic water use on water resources was found in some river basins, particularly the Shiyang River basin. The presented models can be successfully applied for estimating domestic water use in this region. However, there are several uncertainties due to the lack of data. Despite these uncertainties, the modelling results can provide important information for managers and planners on sustainable water use in this region. Furthermore, these models have the potential to be applied for estimation of future domestic water use in other regions.
INTRODUCTION
Water is essential to human sustenance and socioeconomic activities (Barnett et al. 2005) . While water scarcity is one of the major problems facing the world, climate change is predicted to increase stress on freshwater systems around the world, especially in arid and semi-arid regions (Vörösmarty et al. 2000 , Barnett et al. 2005 , Oki and Kanae 2006 , Saleth 2011 , Yilmaz and Imteaz 2011 . Increasing socioeconomic activities and rapid population growth have greatly increased water demand in recent years (Vairavamoorthy et al. 2008) . Domestic water use is a significant component of total water use. It is estimated that 5 billion of the world's 7.9 billion people are in areas where the basic water demand for drinking, cooking and sanitation will be difficult or even impossible to meet in 2025 (Leete et al. 2003) . Domestic water use varies widely from country to country. At the global scale, it is responsible for only a small share of the human water use, estimated to be about 10% (Shen et al. 2008) . In the USA, domestic water use in 2005 represented about 8% of total freshwater withdrawals (Kenny et al. 2009 ), while it accounted for more than 30% of the total water use in semi-arid northeastern Brazil (Döll and Hauschild 2002) and the arid Orange basin in Africa (Shen and Chen 2010) .
In many developing countries like China, domestic water use is currently increasing rapidly because of population growth and increasing socio-economic activities (Vörösmarty et al. 2000) . Increasing domestic water use may change the hydrological cycle significantly on local and regional levels, particularly in urban areas with high population density. Due to the fact that an urban lifestyle usually demands more domestic water than a rural lifestyle, rapid urbanization in developing countries is also adding to the pressure on water resources. For this reason, there is an urgent need to understand domestic water-use patterns and estimate future domestic water use. Many studies have been conducted to estimate domestic water use in recent years, adopting various techniques (Nyong and Kanaroglou 2001 , Liu et al. 2003 , Babel et al. 2007 , Yurdusev and Firat 2009 . Such studies were mainly focused on urban centres and mega-cities (Liu et al. 2003 , Babel et al. 2007 , Chu et al. 2009 , Wei et al. 2009 , Yurdusev and Firat 2009 , or limited to one season or year (Nyong and Kanaroglou 2001 , Machingambi and Manzungu 2003 , Makoni et al. 2004 . For instance, Liu et al. (2003) applied the ANN technique to model and forecast water demand in urban areas. Babel et al. (2007) developed a multiplecoefficient water demand forecast and management model for domestic water use considering various socio-economic, climatic and policy-related factors. Keshavarzi et al. (2006) identified the factors that affect domestic water use in rural areas. Nyong and Kanaroglou (2001) analysed rural domestic wateruse patterns in wet and dry seasons based on survey data. However, little is known about long-term trends and spatial distribution in domestic water use in any part of the world Hauschild 2002, Jon and Chang 2009) , particularly in the arid region of northwestern China.
The arid region of northwestern China is an ecologically fragile area, with high potential evapotranspiration and low precipitation (Liu et al. 2010) . Therefore, water has become a limiting factor for economic, environmental and social development in this region (Liu and Chen 2006) . Meanwhile, overexploitation and severe wastage of water resources are common in northwestern China and adverse effects on the hydrological regimes and ecosystems have appeared, such as deforestation, desertification and increased soil salinity (Feng et al. 2000 , Ma et al. 2005 . However, water scarcity is a long-standing and widespread problem in this arid region, due to the uneven temporal and spatial distribution of the water resources (Ma et al. 2005) . At the same time, with the rapid increase in population and local economy, water demand in the region has increased considerably in the last 50 years (Feng et al. 2000, Liu and Chen 2006) . Water supply and demand in the region have changed dramatically during the 20th century (Feng et al. 2000) . The total water resources shortage in the arid region of northwest China is projected to be about 15 × 10 9 m 3 by the beginning of the 21st century (Chinese Academy of Sciences Geographic Agency 1996). This has severe implications for domestic water supply in this region. It is, therefore, of great urgency to fully understand the spatial and temporal trends in domestic water use in the region by means of a proper methodology.
The primary objective of the current study is to determine the past spatial domestic water-use patterns and identify highly water-stressed river basins in the arid region of northwestern China. The focus of this paper is to develop domestic water-use models considering socio-economic factors to estimate the spatial and temporal trends in domestic water use at both the 4 km × 4 km grid-cell level and the basin level in the study area. Annual pressure on water resources caused by domestic water use is also assessed at the basin level, based on the results of estimation. To investigate seasonal variations in water resources, we calculated the water resources pressure from domestic water use in January and July. The estimated domestic water use was compared with the statistics for domestic water use at the prefecture level in the study area. The results of the study provide a baseline for policy decisions and sustainable water use in relation to changing environment in the arid region of northwestern China. The models may also be used for domestic water use estimation in other regions of the globe.
STUDY AREA AND DATA
The study area is located in the northwest of China, and includes the Xinjiang Uygur Autonomous Region, the Hexi Corridor of Gansu Province, Qilian County of Qinghai Province and the area west of the Helan Mountains in Inner Mongolia (Fig. 1) . It covers around 2.17 ×10 6 km 2 and lies between latitude 34. 84-49.18 • N and longitude 73.48-106.96 • E. The climate is dominated by continental arid conditions. Mountains and plains are alternately distributed in this arid zone. The high mountains with high orograhic precipitation-the Altay, Tianshan and Kulun mountain ranges-block atmospheric circulation and create vast desert basins in the rainshadow, such as the Tarim and Junggar basins (Shi et al. 2007) . Both the arid basins and the humid mountains are sensitive to climate changes (Shi et al. 2007) . Annual precipitation in the study area ranges from less than 20 mm in the centre of the Taklamakan Desert to 800 mm in the Qilian Mountains (Feng et al. 2000) ; precipitation in most of the territory is less than 200 mm. These same high mountain ranges serve as the water source for large inland rivers, which flow to basins and form internal stream systems. Some of the rivers with small discharges disappear in the Gobi and other deserts soon after flowing from the mountain valleys. However, a few large rivers, such as the Tarim, Heihe, Shiyang and Shule rivers, flow to depressions and become inland lakes (the Tarim River flows into a terminal lake-Lop Lake, and the Heihe River flows into the terminal Juyan Lake). The surface water of this region is important for economic development and for the ecological balance of the middle and lower reaches. Such water resources distribution characteristics lead to a close interconnection of surface runoff and groundwater resources and, in part, determine the hydrological regimes of the middle and lower reaches of the river basins (Feng et al. 2000) .
The study area is rich in natural resources, but the ecological sustainability is extremely vulnerable because of limited water resources. The population of this region has increased by a factor of more than four between 1949 and 2009, and the urbanization process has grown rapidly during the past few decades. In the last several decades, both natural ecological processes and hydrological regimes of these areas have been deeply modified by human activities, such as the expansion of irrigation land, rapid growth of population, and socio-economic development (Feng et al. 2000) . During the great development of West China, the urbanization process in the arid region of northwestern China is expected to increase more rapidly, in particular in North Xinjiang and the Hexi Corridor. Thus significant water resources previously utilized for agriculture are transferred to urban systems. Subsequently, agricultural systems and rural areas have to transfer water from natural ecosystems in order to lessen their economic loss (Bao and Fang 2007) . Furthermore, due to the high intensity of water resource utilization in the upper and middle reaches of many river basins, the downstream reaches of some inland rivers have dried up and the groundwater levels have lowered significantly. Consequently, ecological and socio-economic problems have emerged in the region (Wang and Cheng 2000 , Li et al. 2009 , Chen et al. 2011 ).
In the current study, government statistical data and field investigation data were used to estimate the spatial distribution and temporal trend of domestic water use. The government statistical data included socio-economic data (agricultural and nonagricultural population, primary industry GDP, secondary industry GDP, tertiary industry GDP and per capita GDP), water quantity data (river discharge, water resources, per capita domestic water use and total domestic water use) and land cover data. Countybased socio-economic data were obtained from the Xinjiang Statistical Yearbook, Gansu Yearbook, Qinghai Statistical Yearbook and Inner Mongolia Statistical Yearbook (1986-2010) . Urban per capita domestic water-use data were collected from the China City Statistical Yearbook (1986 Yearbook ( -2010 and the China Urban Construction Statistical Yearbook (2000-2009) (city refers to urban area in this study). Rural per capita domestic water-use data were originally obtained from investigations in rural households. To evaluate the presented models, total domestic water-use data at the prefecture level (prefectures are divided into counties and cities) for the years 2004 and 2009 were obtained from Xinjiang Water Resources Bulletin and Gansu Water Resources Bulletin. We also used water resources and river discharge data to estimate the pressure on water resources from domestic water use. Land-cover data of China for the years 1985 and 2000 at 1 km × 1 km resolution were available from the Environmental and Ecological Science Data Centre for West China.
METHODOLOGY
Generally, as a country or a region develops, and the living standard of its population improves, the domestic water use increases. In this process, domestic water use undergoes two main phases: a growth phase, in which domestic water use increases, and a saturation phase, in which it levels off (Oki and Kanae 2006) . After a saturation point has been reached, the domestic water use can either remain constant or decrease. Bengtsson et al. (2006) estimated worldwide urban and rural domestic water use, assuming that the urban per capita domestic water use would reach its maximum when the national per capita GDP exceeds US$3200. They estimated the maximum urban domestic water use as 330 L per capita per day (L/cap d). There are strong reasons to believe that the factors that cause increasing domestic water use in the growth phase are different from those that affect use levels after saturation. A feasible approach is to compare current domestic water-use data from countries at different levels of economic development, and to assume that domestic water use in developing countries will follow the water-use pattern in developed countries according to economic development (Shen et al. 2008) . In other words, this approach assumes that there is a relationship between the level of economic activity in a country or a region and its domestic water use. Zuo (2008) demonstrated this nonlinear relationship of per capita domestic water use and per capita GDP by analysing the statistical data of some developed countries and cities in the world. The per capita domestic water use in the arid region of northwestern China is undergoing a growth phase. In this study, we used per capita GDP as the driving factor in the growth phase of domestic water use. Due to the big differences between urban and rural areas in this region, urban and rural per capita domestic water use were analysed separately.
Estimation of urban per capita domestic water use
To estimate per capita domestic water use in urban areas, a model of the relationship between per capita domestic water use and per capita GDP was first constructed. Scatter plots of per capita domestic water use and per capita GDP of each city in the study area from 1985 to 2009 were drawn. Based on these scatter plots, the relationship between per capita domestic water use and per capita GDP in urban areas can be identified (Fig. 2 ). The following model was developed to understand the relationship between per capita domestic water use and per capita GDP for urban areas: 
where y u represents per capita domestic water use (L/cap d) in urban areas; x is per capita GDP (yuan) in urban areas; a and b are coefficients.
There are large variations in domestic water use in cities and towns of different sizes. Generally, domestic water use is higher in large cities and towns (Chen and Liu 1998) . In addition, the various cities and towns with different economic levels undergo different stages of development, resulting in differences in per capita domestic water use, that in economically advanced cities and towns usually being higher. Statistical data on urban per capita domestic water use are only available for cities and a few county towns. There are still some county towns (79% of all cities and county towns) that remain to be estimated because of a lack of data. To estimate urban per capita domestic water use in all cities and county towns in the arid region of northwestern China, the K-means clustering algorithm (Cheung 2003) was performed to divide the cities into three clusters according to their population, per capita GDP and per capita domestic water use in 2009 (Table 1) . The results showed that cities with per capita GDP < 50 000 yuan belong to the first cluster, those with per capita GDP between 50 000 and 100 000 yuan belong to the second cluster, and the remaining cities with per capita GDP >100 000 yuan could be classified as the third cluster.
To obtain the coefficients of each model, scatter plots of per capita domestic water use and per capita GDP of each cluster were drawn. The statistical test results show that all the models between per capita domestic water use and per capita GDP pass the significance test at the 0.001 level of confidence (F = 233.67, 48.59 and 26.71, respectively) . This indicates that there is a significant relationship between per capita domestic water use and per capita GDP. Figure 3 shows the relationship models between per capita domestic water use and per capita GDP of each cluster for urban areas. By using these models, we can estimate the per capita domestic water use in urban areas in the arid region of northwestern China.
Estimation of rural per capita domestic water use
Domestic water use varies according to the living standards of the consumers in urban and rural areas. Compared with urban domestic water use, rural domestic water use is much lower due to the lower living standards and the lack of advanced water supply equipment. Numerous field studies have shown that households tend to use considerably more water if they have easy access to piped water than if they have to carry water from an outside source (Gleick 1996) . Little information is available on per capita domestic water use in rural areas. Based on field investigation data from rural households and the Water Resources Bulletin of China, we have assumed that rural per capita domestic water use in the study area is a quarter of its geographically nearest urban value. This value seems reasonable for this region and produces reasonable results when compared with survey data on households' domestic water use in rural areas. The rural per capita domestic water-use model is expressed as follows:
where y r is per capita domestic water use (L/cap d) in rural areas.
Gridded population and GDP data
The geographical distribution maps of population and GDP were generated based on county-level statistical data and land-cover data as mentioned above.
In this study, we assumed that the spatial distribution of urban and rural populations is proportional to urban land use and rural residential land use, respectively, within a given county. Statistical county-based urban and rural population data were distributed to each grid cell in proportion to urban land use and rural residential land use at a spatial resolution of l km × 1 km.
To generate the spatial distribution maps of urban and rural GDP, we assumed that the spatial distribution of secondary and tertiary industry GDP are proportional to urban population within a given county, and these GDPs were distributed to each grid cell in proportion to the urban population at a resolution of 1 km × 1 km. Similarly, the primary industry GDP was distributed to each grid cell in proportion to the rural population at a resolution of 1 km × 1 km.
Due to the large volume of data and the computational limitations, the 1 km × 1 km-resolution spatial distribution maps of urban/rural populations and GDP were finally aggregated into 4 km × 4 km resolution maps. Figures 4 and 5 show the spatial distributions of population and GDP, respectively, at a resolution of 4 km × 4 km for 1985, 2000 and 2009. The spatial distribution of urban and rural per capita domestic water use can thus be obtained using the water-use models based on these spatial distribution maps of urban/rural population and GDP.
Estimation of total annual domestic water use
To estimate total annual domestic water use in urban and rural areas, per capita domestic water use was multiplied by, respectively, the urban and rural population of each 4 km × 4 km grid cell. Urban, rural and total annual domestic water use in each grid cell was calculated, respectively, by:
Y r = 365y r p r /1000 (4) (3) and (4), the total annual domestic water use in urban and rural areas was calculated separately for the years 1985, 2000 and 2009. By combining maps of urban and rural total annual domestic water use, we made a gridded data set of total domestic water use at a resolution of 4 km × 4 km that reflects the urban/rural differences.
In order to analyse the domestic water use in river basins, the gridded map of domestic water use was overlaid with a map of major basins in the arid region of northwestern China. The total annual domestic water use and pressure on freshwater were calculated per river basin.
RESULTS AND DISCUSSION

Performance evaluation
To evaluate the methodology for estimating domestic water use, the modelled total annual domestic water use for 2004 and 2009, aggregated to prefecture level, was compared to the statistical data. To evaluate the performance of the presented models, model efficiency (ME), which indicates the goodness to fit with respect to the 1:1 line (ME = 1 indicates a perfect fit), was calculated as follows (Vassolo and Döll 2005) :
where Y mod,i is the modelled total annual domestic water use (10 6 m 3 /year) in prefecture i; Y stat,i is the statistical total annual domestic water use (10 6 m 3 /year) in prefecture i; Y stat is the mean value of statistical total annual domestic water use (10 6 m 3 /year); and n is the number of prefectures.
The model efficiency, ME = 0.88 and a scatter plot between the modelled and statistical total annual domestic water use is uniformly distributed along the 1:1 line (Fig. 6) . The results show that the total annual domestic water use modelled by our algorithm agrees well with its corresponding statistical values for most prefectures for the years 2004 and 2009. The prefecture with the highest total annual domestic water use is Urumqi for both years. According to our estimation, total annual domestic water use in Urumqi in 2009 was 168 × 10 6 m 3 /year, which compares well with the statistical value (171 × 10 6 m 3 /year).
Despite the good agreement, there are still some notable exceptions. The statistical total annual domestic water use of Shihezi in 2004 was much higher than our modelled value, and the statistical total annual domestic water use of Changji and Kashgar prefectures in 2009 was lower than the modelled values. We do not have any good explanation why the modelled results differ from the statistical data for these regions, but the reason is likely to be related to differences in modelled and actual rural domestic water use. In our modelling study, we assumed that rural per capita domestic water use in the arid region of northwestern China would be a quarter of its geographically-nearest urban value. This assumption may lead to underestimation or overestimation of per capita domestic water use in some rural regions. Many rural areas in Shihezi are state farms and a greater proportion of the population is connected to public water supply. Thus the rural per capita domestic water use of Shihezi calculated by our method may be underestimated, so the modelled value in 2004 is lower than the statistical value. In contrast, less of the rural population of the relatively less-developed areas of Changji and Kashgar prefectures is connected to water supply and the rural per capita domestic water use in these two prefectures is possibly overestimated. Therefore, the modelled total annual domestic water show that per capita domestic water use in these cities increased rapidly first with increasing per capita GDP before reaching a certain level. The causes for this trend were attributed to improved living standards, increased connection rate to water supply, installed water devices and more municipal water use. There was a slow increase or even decrease in per capita domestic water use thereafter, which could be attributed to development of a water-saving society, installation of new and water-efficient equipment in houses and wise use of limited water resources. It was also found that urban domestic water use began to increase more slowly after reaching around 200 L/cap d in Hotan, Wuwei, Urumqi, Korla and Karamay. However, urban domestic water use in Turpan began to increase more slowly after reaching about 300 L/cap d. Furthermore, urban domestic water use in Turpan is higher than that in other cities, although per capita GDP in Turpan is low. The possible reason is that usage tends to be higher in Turpan in warm and dry seasons, especially municipal water use. In Karamay, urban per capita water use grew at a gradual rate due to higher per capita GDP, improved living standards and more water devices.
According to our model, rural domestic water use also increased, but less than the urban domestic water use, and this is likely due to lower living standards, the absence of advanced water supply equipment in rural areas and lower GDP. (Kenny et al. 2009 ). This could be due to the relatively lower economic level and poor living standards in the arid region of northwestern China. Figure 8 shows the spatial regional variation in per capita domestic water use, but differences within regions, between highly urbanized regions and rural areas, are also significant. Per capita domestic water use was generally higher in wealthy regions such as Urumqi, Karamay, Turpan, Zhangye and Jiuquan in 1985 due to their relatively developed economies. Between 1985 and 2000, per capita domestic water use increased considerably in most regions, except for Jinchang, Alxa Right Banner and Qilian County; and the most rapidly increasing domestic water use was found in Urumqi, Korla, Karamay, Shanshan County and the Hexi Corridor of Gansu Province. Domestic water use differed strongly and ranged from 39.72 L/cap d in rural areas of Pishan County to 262.33 L/cap d in urban areas of Yumen in 2009. In the wake of rapid economic development, per capita domestic water use in almost all regions increased substantially after 2000, especially in North Xinjiang, Korla, Kashgar and urban areas of the Hexi Corridor. In addition, new reservoirs were built to collect glacial outburst floods that can be used for water supply. However, their exploitation is prone to become unsustainable due to the decreasing glacial area (Shi 2001) . , rural domestic water use increased by a factor of about three, while urban domestic water use increased by a factor of more than four. This may be the result of the rapid growth of urban populations; for example, as the rural population migrated to urban areas (Vairavamoorthy et al. 2008) . When people move from rural to urban areas, domestic water use will increase rapidly due to changes in lifestyle and domestic water-use patterns.
We also analysed the change in total annual domestic water use at both the grid-cell and basin levels. As shown in Fig. 9 , at the grid-cell level, almost all grid cells in the arid region of northwestern China showed a rapid increase in total annual domestic water use. Such an increase reflects improved living standards. In 1985, the highest total annual domestic water use per grid cell (e.g. >1 × 10 6 m 3 /year) was found in urban areas of Urumqi, Karamay, Shihezi, Changji, Kashgar, Aksu and Hotan, some cities in the Hexi Corridor region (e.g. Zhangye, Wuwei, Jiuquan and Jiayuguan), and some county towns (e.g. Kuqa and Xinyuan). These regions mainly contained grid cells with a higher proportion of urban population and per capita domestic water use. In most of the other regions, total annual domestic water use per grid cell was generally lower than 0.075 × 10 6 m 3 /year in 1985. These regions mainly consist of grid cells with a higher proportion of rural population and lower per capita domestic water use. Between the years 1985 and 2000, many highly urbanized grid cells in Shihezi, Karamay, Urumqi, Kashgar, Hotan, Zhangye, Wuwei and Korla showed substantial increasing trends in total annual domestic water use. The highest increase rate per grid cell was found in . Despite this uncertainty, the modelled spatial domestic water use can help to assess the problem of water scarcity in the arid region of northwestern China and to develop appropriate sustainable water resources management strategies for the future planning to overcome the aridity in this region. Table 2 summarizes the total annual domestic water use for the years 1985, 2000 and 2009 in selected river basins. We can see that river basins in the central part of the northern foothills of the Tianshan Mountains had the highest total annual domestic water use for these years, followed by the Heihe, Shiyang and Ili river basins, respectively. These four river basins account for 55% of the total annual domestic water use in the study area for 2009. The Jeminay, Qarqan and Bayi river basins had low total annual domestic water use in all years due to their sparse population. Most basins in this region showed considerable increasing total annual domestic water use, particularly those in the central northern foothills of the Tianshan Mountains-the Heihe, Shiyang, Ili and Kaikong river basins-which include more cities and have experienced rapid urbanization and population expansion. The total annual domestic water use of the Heihe, Shiyang and Kaikong river basins in 2009 increased by a factor of more than four, compared to that in 1985. However, total annual domestic water use in Turpan basin increased rapidly before 2000, and then remained constant or even decreased thereafter.
Pressure on water resources from domestic water use in river basins
In our modelling study, the total annual domestic water use for the year 2009 in each river basin was divided by the average total annual river discharge for 1956-2000. This provides a measure of the pressure on the available water resources for domestic water use. A common rule of thumb in water assessment is that a country is considered highly water stressed if annual withdrawal exceeds 40% of available resources (Vörösmarty et al. 2000) , but this figure refers to the total use for agricultural, domestic and industrial purposes. Generally, agricultural water use accounts for more than 90% of total water use in this region. It is therefore reasonable to assume that, in basins where the domestic water use alone takes more than 5% of the available water resources, there is a high risk of conflict with industrial and agricultural users. These high-risk areas include Shiyang River basin, river basins in the central part of the northern foothills of the Tianshan Mountains and Hami basin ( Fig. 10(a) ). Total annual domestic water use in 2009 in these river basins took, respectively, 6.96, 5.89 and 5.35% of the basin water volume that is available in average years. We also calculated the water resources pressure from domestic water use in river basins for January and July separately. Because of the lack of data, we could not address monthly domestic water-use variations in our study, but used the annual values divided by 12 as monthly domestic water use.
Figure 10(b) shows the pressure on water resources in January to be greater than the annual average. Total domestic water use for January in Shiyang River basin, Hami basin, river basins in the central part of the northern foothills of the Tianshan Mountains and Keriya River basin took, respectively, 67.37, 55.77, 49.09 and 303.61% of the average basin discharge of the corresponding month. However, the pressure on water resources from domestic water use was lower for July than the annual average ( Fig. 10(c) ). In fact, the monthly variations in the pressure on water resources from domestic water use in river basins are not as large as shown in Fig. 10(b) and (c). This is because a large proportion of the domestic water use in the arid region of northwestern China is taken from groundwater. In addition, it should be pointed out that we considered monthly variations only in river discharge, not in domestic water use. Actually, the amount of domestic water use varies over the year, especially in areas with a warm climate and a high level of outdoor water use. However, we could not address these variations in our study, due to the lack of data; we only used the annual values to obtain monthly domestic water use. Thus, the pressure on water resources from domestic water use is likely to be overestimated for January and underestimated for July in this region, but this study can help to identify those regions where domestic water use exerted high pressure on water resources.
CONCLUSIONS
We presented domestic water-use models considering socio-economic factors to estimate domestic water use during the period 1985-2009 in the arid region of northwestern China. The study demonstrates that the presented models are effective in estimating domestic water use. From the study, conclusions can be drawn that per capita domestic water use increased rapidly in keeping with rapid economic growth, and total annual domestic water use showed a considerable increasing trend during . The spatial disparity in per capita domestic water use and total annual domestic water use was apparent. Additionally, high-risk river basins were identified in this arid region, such as Shiyang River basin.
There are several uncertainties in this study for estimating domestic water use and the pressure on water resources from domestic water use in the arid region of northwestern China. First, we assumed that rural per capita domestic water use would be one quarter of its geographically-nearest urban value, due to the lack of quantitative information on domestic water use in rural households. This assumption may have led to underestimation or overestimation of per capita domestic water use in some rural regions. Second, we distributed statistical population and GDP in 2009 according to land-cover data in 2000, due to the lack of land-cover data for the corresponding year. Thus, domestic water use per grid cell in urban areas may have been underestimated in this region in 2009, due to the rapid expansion of built-up areas during the 2000-2009 period. Third, because of the lack of data, we could not address monthly domestic water-use variations in our study, but divided the annual values by 12 for monthly domestic water use. Despite these uncertainties, the modelling results help to assess the problem of water scarcity and to develop appropriate sustainable water resources management strategies in the arid region of northwestern China. Domestic water use estimation can only be improved if domestic water use is monitored more extensively, especially in rural areas, or if information related to domestic water use becomes more reliable. We will develop models to estimate monthly or seasonal domestic water use and discuss these characteristics in our future work. The domestic water-use models presented herein have the potential to be applied for domestic water-use estimation in other data-scarce regions.
